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We discuss an anomalous Lagrangian of the 7rp w a\ system in the presence of 
external electroweak fields which is suitable for constructing the amplitude for the 
radiative muon capture by proton. 



1 Introduction 

Recent measurement of the elementary reaction 

j.r + p — * n + + J, (1) 
at TRIUMF provides a value of the weak induced pseudoscalar constant gp, 

gp{q^ « 0.88 m2) = (9.8 ± 0.7 ± 0.3)5^(0) , (2) 

which exceeds its value predicted by RCAC and pion-pole dominance by a fac- 
tor « 1.5. The analysis of the data inEJ is based on the radiative muon capture 
(RMC) amplitude □ obtained using low energy theorems. We have recently 
presentedu the RMC amplitude derived from a Lagrangian of thejijoxLiai sys- 
tem which reflects the SU(2)l xSU(2)fl, hidden local symmetry alala-Q. This 
amplitude coincides in the leading order with the amplitude obtained from the 
low energy theorems but these amplitudes differ in the next order in momenta 
k (photon) and q (weak current). 

Here we present our next step in analyzing the structure of the RMC 
amplitude. We start from the anomalous action for the Trpujai D system given 
by Kaiser and MeissnerH. The most general Wess-Zumino anomalous action 
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involving pseudoscalars, vectors, axial vectors and electroweak particles 
readsS, 

14 

+ V / c,£,[^l,^bAm,L,R,C,'R]. (3) 

Here r^^^^[U, C,TZ] is the covariant Wess-Zumino-Witten action containing 
pseudoscalars and the electroweak fields. It already satisfies the anomaly con- 
straints. Generally, the 14 independent terms in the r. h. s. of Eq. (||) are 
given in Eqs. (3.8) and Eqs. (3.9) of RefE. As the terms jCi-jCs contain at least 
4 particles in each vertex, only the terms Cg-Cn are of interest for our pur- 
pose. Later on. Kaiser and Meissner drop the weak interaction and also the 
D meson. In contrast to it, we consider the full electroweak interaction. As 
a result, our anomalous Lagrangian contains all the natural parity violating 
vertices which are necessary to construct a contribution to the RMC amplitude 
in such a way that this particular amplitude satisfies gauge invariance, CVC 
and PCAC constraints by itself. 

2 Contribution from the Wess-Zumino-Witten anomalous action 

The cojzaiiant Wess-Zumino-Witten anomalous action of pseudoscalars 
readsacHa 

N f 

covariantized : (4) 

240 TT^ Jt,r- 

where Nc is the number of colours and a is a differential one-form 

a = {d^U)U^dx^, U{x) = exp[-iW{x)T-'lf^] = (5) 

The integral is over a five-dimensional manifold whose boundary is the 
ordinary Minkowski space M^. In the process of covariantization, one adds 
terms to the non-covariantized anomalous action which contain external gauge 
fields TZ^ and £^ in such a way jthat the covariantized form would satisfy the 
Wess-Zumino anomaly equationci 

Sr'^l^[U,C,n] = J^^^ Tr[eL{{dC)' + ItidCf}] -{L^R). (6) 

The external fields and TZ^ are directly related to the external gauge bosons 
of the Standard ModelU. 
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The contribution from the action (Q) to the 3-point Lagrangian of interest 

is 

2 

[Cwzwf^ = ^^\^e,x^.,{^Jx){^^,V, ■ H) , (7) 

where B\ is an electroweak neutral field and is a weak vector field (see 
below). 

3 Contribution from the homogenous terms 

As we have already mentioned, we include both the electromagnetic and the 

weak interactions and put D = Q. Then our analogue of Eqs. (3.10) of Ref.El 
is 

= \goj + \{pA- M -\eB, (8) 

u^R = ~ ]^{pA+M - \ eB, (9) 

= I3m , (10) 

Fl + 6/ Fr (Xj ^ gdio + Fv, (11) 

a Tl + 6/ in ill ^\edB + Tv, (12) 

Fl ~ ^mFr^I, = -Fa, (13) 

a el - 6/ ^fl -^fl, S}r el/ = -.^^ • (14) 
The isoscalar and isovector components are separated as 

13a = —gf- a + ef ■ A = —ga + eA, (15) 

I3v = -gr ■ p + ef -V = -g p + eV , (16) 

Pm = -gf -a, (17) 

We also introduce the following quantities, 



where the fields V and A are defined by the prescription 

(V + l)-f = C[(V + ^)-r]e^ + (22) 

e 

(V - l)-f = cn(V - A)-t]^ - -i^idO- (23) 

e 

Due to the properties of the forms jFy and Tj, the foUowing equations hold 

(^v + ^^) ■ r = e [ (^v + ^^) • r ] e^ (24) 

{Tv - TA)-f ^ ^mfv - fA)-f]L (25) 

where the forms and J\4 correspond to the fields V and ^ 

= e(f-dV) + i^e2[(T• V)(f- V) + {T-A){f-A)], (26) 

= e{T-dA) + ^ie^[iT-A)iT-V) + {f-V){f-A)]. (27) 

External fields V and ^correspond to the gauge fields of the Standard Model @ 

= -A^ = -^W^cose,, (28) 

Vl = B^ + cotg (2 e^) Z,=B^+ . .] ^ . , (29) 



sin (2 0^) 

1 

sin (2 



4--— 7^^.- (30) 



Let us now use the 'uiutary gauge' Employing our Eqs. (||)-([T^) we get 
analogues of Eqs. (3.12)13 for the Lagrangians Cg-Cu 

£9 = -gduj Tr[l3vPA] + {9^0 ~ ^) rr[Fv /3a] , (3f) 

£10 - ~g duj Tr[-2Pv /3m] - 2 {g u ~ h B) Tr[Fv Pm] , (32) 

A2 = -^dBTrilSvPA] + [9^ - ^eB)Tr[TvPA]. (33) 

£13 = -\e dB Tr[~2Pv /3m] ~2{gLu -hs) Tr[Tv Pm] , (34) 

£11 = £14 = 0. (35) 



In order to be compatible with the final result of Ref.B given in Eqs. (A.l) of 
appendix A we define new linear combinations 

Zi = Cq + ]^ Cio , (36) 
Ao = ^ - ^ ^13 • (39) 

We now 



1. put Eqs. (l3lD-(^ into Eqs. (|36|)-(|3g|), 

2. introduce Eqs.([l5|)-([r7|) into the new equations for Cj-Cio, 

3. because we need only the 3-particle terms of the invariants C-^-Ciq, we 
take into account only the linear parts of V, A and using Eqs. (^)- 

® 

[^v]' = , (40) 
[V]'=V, (41) 

[A]' =A+- m) + idO]' =A+^dU, (42) 

Here Q = Q ■ f ioi Q ^ V, A, U. 

4. remove thepnon-physical n — ai mixing by the redefinition of the axial 
meson fieldcI'Ll 

a = a--^dU. (43) 
As a result, we have the following set of equations 

[Crf^ = gdu Tr[{gp - eV){^ dW + eA)] 

+ {gu - \e B) Tr[Fv{^ dn + e^)] , (44) 

[£8][31 = -gdLoTr[{gp~eV){g~a - ]^eA)] 

-{guj-^eB) Tr[Fv{g~a - \eA)] , (45) 



= +-edBTr[{gp-eV)i—dU + eA)] 

+ {guj - \e B) Tr[Tv{^ dXl + eA)] , (46) 

•J Jit 



[£io][3l = -ledBTr[{gp-eV){gh - ^eA)] 

- {gu; - ^eB) Tr[Tv{gd - ^eA)] . (47) 

We can now compare our Eqs. (|4^)-(|4^) with Eqs. (A.l) of Rcf.i. It is £asy to 
see that our £7 and Cs coincide with the same Lagrangians derived inlj, if we 
put the external fields to zero. In this approximation, the Lagrangians £9 and 
£10 are also zero. Naturally they are absent in Ref.El. 

The parametrization of the interactions in the irpujai system in the form 
£7-£io has the advantage that each of these Lagrangians leads to the currents 
satisfying PCAC by itself. But in this case, the field of the ai meson enters 
isolated from the pion field, while the external gauge field A enters simultane- 
ously with the fields of both mesons. It will be more suitable for our purpose 
to separate the oi and A fields. This is accomplished in the new combinations 
of the Lagrangians C-j-Ciq 

A = £,, « = 7,9, (48) 

£, = £, - i£j„i , j = 8, 10 . (49) 

We now present the final result written in the form convenient for construction 
of the amplitude for the radiative muon capture. With the help of Eqs. (A. 2) □ 
we get 

[£7]^" - lige^x^, {d^ux [[gp^, - eV^) • (-^ + eA,)] 

+ {guj^ - \eB^) [(9aPm) ' (7- d.n + eA,)]} , (50) 

•J Jit 



[£3]'^' = -2ige^x^,{d^ujx[{gp^ - eV^) ■ {ga, + —dM)] 

^JlT 

+ {gou, ~ ^eB^) [{dxp^) ■ {gt + ^9,U)]}, (51) 



[Cgf^ = 2iee^Xf,,{-d^Bx[igp^ - eV^) ■ (—9.11 + eX)] 

+ {gu;^ - l-eB^)[{dxV^){^d,U + eA,)]} , (52) 

«J /it 



{gu, - ieZ?.) [{d>.V^){gK + Jf^dM) ■ (53) 



The strong vertices pw7r and puai are already known from the appendix 
A of Reffl. Then Eqs.(pn)-(53) provide all other terms due to the presence 



of the external electroweak interactions which violate the natural parity and 
which should be used when constructing the amplitude for the radiative muon 
capture by proton. Their presence guarantees that such an amplitude will 
satisfy gauge invariance and CVC and PCAC constraints at the tree level 
exactly. The construction of the amplitude is in progress. 
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